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be developed i n  t hose  l o c a t i o n s  where computer p r i n c i p l e ,  g iv ing  d a t a  a c q u i s i t i o n  programs acces s  t o  
a c c e s s i b l e  beam senso r s  a r e  a v a i l a b l e .  Because h ighe r  a l l  c o n t r o l  f unc t ions .  I n  p r a c t i c e ,  of course ,  such 
l e v e l  languages a r e  now suppor ted ,  i n t e r e s t e d  ope ra to r s  acces s  w i l l  be l i m i t e d  t o  func t ions  s p e c i f i c a l l y  
a r e  beginning t o  w r i t e  u s e f u l  programs. DECNET reques ted  by u se r s .  Users a r e  welcome t o  submit any 
runnning over Ethernet  has been i n s t a l l e d  f o r  such r eques t s .  Remote s p i n  f l i p  c o n t r o l  from VAXs w i l l  
communications wi th  t he  l abo ra to ry  VAXs, i n  be a v a i l a b l e  e a r l y  i n  1986. 
EXPERIMENTAL FACILITIES DEVELOPMENT 
F a c i l i t i e s  i n  Opera t ion  - C. F o s t e r  
1. E x i s t i n g  Beamlines 
Considerable  e f f o r t  was expended i n  1985 on 
maintenance and improvement of e x i s t i n g  beamlines. 
Leaking g a t e  va lves ,  s l i t  assembl ies  and vacuum gauges 
were replaced  o r  r e p a i r e d  i n  order  t o  improve beamline 
vacuum. I n  a d d i t i o n ,  vacuum l e a k s  i n  f o r e l i n e s ,  
magnets and beamline hardware were found and f i xed .  
E l e c t r i c a l l y  opera ted  a i r  va lves  t o  a c t u a t o r s  used on 
beam s t o p s  and viewers were replaced  o r  r epa i r ed .  
Newly designed s ing l e - sha f t  a c t u a t o r s  were i n s t a l l e d  i n  
many l o c a t i o n s  on t h e  beamlines. These a c t u a t o r s  were 
des igned,  cons t ruc t ed  and assembled i n  house. 
Solenoids  were replaced  on many beamline a c t u a t o r s  t o  
accommodate a change from 110 VAC t o  24 VDC opera t ion .  
I n  beamline 7 t o  t h e  po l a r i zed  neut ron  
f a c i l i t y  , t he  beamline was reworked t o  accommodate t h e  
i n s t a l l a t i o n  of a superconduct ing  beam p reces s ion  
so l eno id  f o r  use  i n  t h e  charge symmetry breaking  
experiment.  Beamline mod i f i ca t i ons  were accomplished 
on beamline 4 and t h e  beamlines t o  the  64 inch  
s c a t t e r i n g  chamber and QDDM spect rometer  t o  i n s e r t  h igh  
energy beam po la r ime te r s .  One of t he se  po l a r ime te r s  
was moved s e v e r a l  t imes dur ing  t h e  yea r  t o  s e rve  
exper iments  i n  d i f f e r e n t  f a c i l i t i e s .  
Two of t h e  t h r e e  Lambertson magnets necessary  
f o r  beam s p l i t t i n g  were i n s t a l l e d  i n  beamline 4 and t h e  
t h i r d  was assembled f o r  f i e l d  s t u d i e s .  A hexapole 
magnet was moved ups t ream t o  a l o c a t i o n  j u s t  be fo re  t h e  
momentum ana lyz ing  magnet t o  provide  space  j u s t  
downstream of t h a t  magnet f o r  t h e  RF p o r t i o n  of t h e  
s p l i t t e r  and f o r  a superconduct ing  beam p reces s ion  
so lenoid .  These l a t t e r  devices  were not i n s t a l l e d  i n  
1985. An a d d i t i o n a l  beamline quadrupole magnet was 
i n s t a l l e d  i n  beamline 4 a s  r equ i r ed  f o r  proper  
t r a n s p o r t  of beam t o  t h e  swinger,  double spect rometer ,  
o r  Cooler a f t e r  t h e  mod i f i ca t i ons  de sc r ibed  above and 
t h e  i n s t a l l a t i o n  of t h e  30 degree  bending magnet, f o r  
t h e  double spec t rome te r ,  i n  t h e  beam swinger beamline. 
2 .  New Beamlines 
At t h e  end of t h e  yea r ,  i n s t a l l a t i o n  of 
beamline 8 ,  t o  t h e  double spec t rome te r ,  was about two 
t h i r d s  complete. The o ld  QDDM spect rometer  was 
modified and moved i n t o  p o s i t i o n  a s  a bending magnet on 
beamline 8 ,  t h e  upstream bending magnet a l i g n e d ,  a l l  
quadrupole magnets, s t e e r e r s  and vacuum hardware had 
been i n s t a l l e d  on t h e  beamline upstream of t h e  
p e n e t r a t i o n  block but awai ted  power and c o n t r o l s ,  and 
t h e  neutron s h u t t e r  had been i n s t a l l e d  i n  t h e  
p e n e t r a t i o n  block and a l i gned .  Downstream of t he  
p e n e t r a t i o n  b lock ,  a l l  beamline e lements  were i n  p l ace  
on t h e i r  suppo r t s  but  not  f i n a l l y  a l i gned .  Power and 
c o n t r o l s  were not  connected.  A s t anda rd  beamline 
quadrupole was i n  p l ace  j u s t  ups t ream of t h e  neut ron  
s h u t t e r .  Th i s  quadrupole  magnet is t o  be r ep l aced  w i th  
a  s p e c i a l  h igh  g r a d i e n t  quadrupole  magnet when r ece ived  
from t h e  vendor e a r l y  i n  1986. Water and a i r  s e r v i c e s  
a r e  i n s t a l l e d  f o r  beamline 8. 
For beamline 9,  t o  t h e  Cooler  r i n g  from t h e  
p r e s e n t  c y c l o t r o n ,  t h e  neut ron  s h u t t e r  and i t s  
s h i e l d i n g  has  been i n s t a l l e d  i n  t h e  west  w a l l  of t h e  
p r e s e n t  bu i l d ing .  Beamline 9  r a i l  suppor t  s t r u c t u r e s  
a r e  i n  p l ace  and quadrupole  and s t e e r e r  magnets 
assembled on t h e  suppo r t s  but  not  f i n a l l y  a l i gned .  
3.  Targe t  Area Improvement 
Improvements t o  t h e  beam swinger expe r imen t a l  
a r e a  were made t o  suppo r t  ( n , p )  s t u d i e s ,  ( p , n )  
exper iments  and planned s p i n  f l i p  p r o b a b i l i t y  
measurements i n  t h e  ( p , n )  r e a c t i o n .  Also t h e  s h i e l d i n g  
w a l l  between t h e  swinger  magnets and t h e  (n ,p )  d e t e c t o r  
a r e a  was removed t o  a l l o w  i n s t a l l a t i o n  of t he  QDDM 
magnet i n  beamline 8 and comple te ly  r e b u i l t .  A new 
s h i e l d e d  e n t r a n c e  maze t o  t h e  swinger a r e a  was 
c o n s t r u c t e d  i n  t h e  nor thwes t  co rne r  of t h e  Cooler  
b u i l d i n g  s i n c e  t h e  double spec t rome te r  s h i e l d i n g  
p r even t s  a cce s s  from t h e  e a s t .  The swinger beam dump 
was moved downstream about  20 f e e t  wi thout  dec r ea s ing  
t h e  acceptance  s o l i d  ang l e  of t h e  f a r aday  cup. Th i s  
was a  l a r g e  job which r e q u i r e d  c o n s t r u c t i o n  of a  new 
f a r aday  cup, f a b r i c a t i o n  of l a r g e  beampipe s e c t i o n s ,  
pour ing  a  c o n c r e t e  pad t o  suppo r t  dumpshielding,  
assembly and vacuum t e s t i n g  of t h e  f a r aday  cup and 
vacuum p ipe ,  and s t a c k i n g  of t h e  dump and p i p e  
s h i e l d i n g .  Cons iderable  e f f o r t  was expended i n  g e t t i n g  
t h e  t a r g e t  d r i v e  working r e l i a b l y  from t h e  c o n t r o l  
computer i n  t h e  c o n t r o l  room. 
Much work was done t o  improve performace of 
t h e  64" s c a t t e r i n g  chamber. A va lve  was i n s t a l l e d  t o  
a l l o w  c o n t r o l l e d  slow pumpdown of t h e  chamber t o  
p r o t e c t  f r a g i l e  t a r g e t s  and d e t e c t o r s  from r a p i d  
p r e s s u r e  changes du r ing  pumpdown. Con t ro l s  and 
sw i t ches  f o r  t h e  rcegasorb pump used i n  t h e  pumpdown 
sequence were e x t e n s i v e l y  reworked t o  improve 
r e l i a b i l i t y  and e a s e  of ope ra t i on .  The chamber was 
c a r e f u l l y  c leaned  and t h e  main cryopump and i n - l i n e  
c r y o t r a p  r e b u i l t  t o  improve t h e  base  vacuum a t t a i n a b l e  
i n  t h e  chamber. E f f o r t  was expended i n  ma in t a in ing  
t h i s  chamber e l e c t r i c a l l y  i s o l a t e d  from ground. 
Con t ro l s  of t h e  arms and t a r g e t  f o r  t h i s  chamber were 
reworked t o  improve r e l i a b i l i t y .  
No s i g n i f i c a n t  improvements were made i n  
expe r imen t a l  f a c i l i t i e s  i n  t h e  Gamma cave o r  t o  t h e  
P ion  Spect rometer .  
Many mi sce l l aneous  t a s k s  were performed t o  
suppo r t  t h e  CSB experiment a s  w e l l  a s  exper iments  i n  
t h e  swinger ,  gamma cave,  p ion  spec t rome te r ,  64" 
s c a t t e r i n g  chamber and QDDM ( b e f o r e  i t  was d i sman t l ed ) .  
These e f f o r t s  c o n s t i t u t e  t h e  normal o p e r a t i o n a l  suppo r t  
of exper iments  a t  IUCF. They have s u f f e r e d  somewhat 
t h i s  yea r  a s  a  r e s u l t  of compe t i t i on  f o r  manpower from 
spec t rome te r  and Cooler  c o n s t r u c t i o n .  Th i s  s i t u a t i o n  
is  l i k e l y  t o  con t i nue  f o r  t h e  next  s e v e r a l  yea r s .  
Theref o r e ,  it is w e l l  f o r  u s e r s  t o  p l a n  t o  put  more 
e f f o r t  i n t o  t h e  performance of exper iments  a t  IUCF 
u n t i l  c o n s t r u c t  i o n  p r o j e c t s  a r e  completed. 
Germanium De tec to r  Development - D.L. F r i e s e l  
The u se  of h igh-pur i ty  germanium d e t e c t o r s  
cont inued  a t  about t h e  same pace a s  f o r  t h e  l a s t  few 
yea r s .  F ive  exper iments  r e q u i r i n g  germanium d e t e c t o r  
t e l e s c o p e s  were run i n  1985 wi th  p ro ton ,  deuteron ,  3 ~ e ,  
4 ~ e  and 7 ~ i  beams. A t o t a l  of 43 s h i f t s  of scheduled  
o p e r a t i o n  were used f o r  t h e s e  exper iments .  One 
d e t e c t o r ,  #514-8.6, a  15  mm t h i c k  s t opp ing  d e t e c t o r ,  
was r e tu rned  t o  LBL i n  February f o r  r e p a i r  because it 
would no longer  ho ld  s u f f i c i e n t  b i a s  f o r  f u l l  
d e p l e t i o n .  This  d e t e c t o r  was o r i g i n a l l y  p laced  i n t o  
s e r v i c e  h e r e  i n  1979 and has s i n c e  been exposed t o  over 
255 s h i f t s  of beam i n  40 d i f f e r e n t  exper imenta l  runs.  
It has  a l s o  undergone 92 annea l  cyc l e s  f o r  a  t o t a l  
annea l i ng  time of about 2000 hours .  The d e t e c t o r  was 
r e tu rned  t o  IUCF i n  May and has been o p e r a t i n g  w e l l  
s i n c e .  The boron i o n  implanted  e n t r a n c e  window, which 
s e r v e s  a s  t he  P+ c o n t a c t ,  had d e t e r i o r a t e d  and was 
r ep l aced .  This  p a r t i c u l a r  f a i l u r e  mode, which i s  
r e l a t i v e l y  easy  t o  r e p a i r ,  i s  t he  most common 
d i f f i c u l t y  observed i n  t h e  10 yea r s  t h e s e  d e t e c t o r s  
have been used a t  IUCF. As noted above,  however, even 
t h e s e  f a i l u r e s  a r e  r a r e .  The new 20 nun t h i c k  s t opp ing  
d e t e c t o r  (#601-6.3), which is f a b r i c a t e d  from n-type 
germanium and has t h e  l i t h i u m  N+ c o n t a c t ,  has a l s o  been 
used s a t i s f a c t o r i l y  i n  one experiment t h i s  year .  This  
is  t h e  t h i c k e s t  p l a n a r  d e t e c t o r  ye t  r e ce ived  he r e ,  and 
w i l l  be used i n  many f u t u r e  t e l e s c o p e s  t o  reduce t h e  
number of d e t e c t o r s  r e q u i r e d  t o  achieve  a  d e s i r e d  
energy  range. The l is t  of t h e  c u r r e n t l y  a v a i l a b l e  
germanium d e t e c t o r s  and t h e i r  p h y s i c a l  p r o p e r t i e s  is 
provided  i n  Table I V .  The o p e r a t i n g  h i s t o r y  of t h e s e  
d e t e c t o r s  is a l s o  g iven  i n  this table. 
One of t h e  f i v e  expe r imen t a l  runs  w i th  t h e s e  
d e t e c t o r s  t h i s  yea r  was used t o  make a d d i t i o n a l  
measurements of t h e i r  r a d i a t i o n  damage p r o p e r t i e s .  As 
p r ev ious ly  r e p o r t e d , l  a  d i f f e r e n c e  i n  t h e  behavior of 
n- and p-type germanium d e t e c t o r s  when i r r a d i a t e d  w i th  
neu t rons  and w i th  p ro tons  had been observed du r ing  
t h e i r  r o u t i n e  use.  The r a d i a t i o n  damage annea l  r a t e  
a l s o  appears  t o  be dependent on whether t h e  d e t e c t o r  
was f a b r i c a t e d  from n- o r  p-type germanium and on t h e  
damaging p a r t i c l e  type .  A p r e l im ina ry  measurement of 
t h e s e  e f f e c t s  was made i n  February  by p l ac ing  two 
d e t e c t o r  t e l e s c o p e s  i n  t h e  pa th  of a pro ton  f l u x  
produced by sma l l  ang l e  s c a t t e r i n g  from a  30 mg/cm2 
go ld  t a r g e t .  Although t h i s  was not  an  i d e a l  
expe r imen t a l  c o n f i g u r a t i o n ,  it d i d  s e r v e  t o  v e r i f y  t h a t  
t h e  major cause  of t h e  observed d i f f e r e n c e s  i n  t h e  
behavior  of t h e  d e t e c t o r s  when i r r a d i a t e d  w i th  p ro tons  
o r  wi th  neut rons  is t h e  volume of t h e  d e t e c t o r  t h a t  i s  
a c t u a l l y  damaged. Charged p a r t i c l e  damage is g e n e r a l l y  
r e s t r i c t e d  t o  t h e  c e n t r a l  12% of t h e  t o t a l  volume of 
t h e  c r y s t a l  by t h e  c o l l i m a t i n g  a p e r t u r e  which d e f i n e s  
t h e  s o l i d  angle .  Neutron damage, however, i s  not  
r e s t r i c t e d  by t h e  a p e r t u r e ,  and is g e n e r a l l y  
d i s t r i b u t e d  uni formly  over  t h e  e n t i r e  volume of t h e  
d e t e c t o r .  Hence, a  d e t e r i o r a t i o n  of t h e  d e t e c t o r  
r e s o l u t i o n ,  a s  measured w i th  a  6 0 ~ o  sou rce ,  is observed 
w e l l  before  d e p l e t i o n  b i a s  changes a r e  ev iden t  when t h e  
d e t e c t o r s  a r e  damaged by neut rons .  Conversely,  since 
only  a  f r a c t i o n  of t h e  d e t e c t o r  volume i s  damaged by 
charged p a r t i c l e s ,  t h e  6 0 ~ o  r e s o l u t i o n  appears  t o  
remain good even though a  l a r g e  d e p l e t i o n  b i a s  change 
i s  observed because  much of t h e  c r y s t a l  volume is  
undamaged. While t h e  damaging r a d i a t i o n  du r ing  t h e s e  
measurements was p r i m a r i l y  p ro tons ,  t h e  e f f e c t s  of 
neu t ron  damage were s imu la t ed  by removing t h e  
c o l l i m a t i n g  a p e r t u r e  from one of t h e  t e l e s c o p e s  t o  
permi t  uniform i r r a d i a t i o n  of t h e  whole c y r s t a l .  A 
Table I V .  IUCF Germanium Detec tor  L i s t  
...................................................................................................... 
Impur i ty  Depl. No. T o t a l  L i  Layer 
De tec to r  Ge Thickness Concent. Bias  De l t a  T o t a l  Rrs Thermal H r s  Depth 
No. Type (mm) ( ~ l o ~ ~ c m - ~ )  (-V  (V) Beam Time Cycles Anneal mm 
...................................................................................................... 
TRANSMISSION DETECTORS 
501- 9.3 n - 2.0 4.4 100 150 352 11 7 44 N A 
501- 9.6 n - 2.0 4.4 100 400 488 15 857 N A 
551-11 .8 n 5.18 7.5 1100 200 200 12 300 NA 
475-10.7 n 9.07 3.3 1700 100 1276 66 1617 NA 
STOPPING DETECTORS 
172- 3.1 P 10.6 0.98 350 2000 721 23 5 38 1.23 
514- 7.0 P "15.21 1.86 1600 2000 2109 118 23656 3.30 
514- 8.6 P 14.94 1.10 1200 2000 2067 92 2002 1.17 
525- 8.6 P "12 .O 1.10 1000 2000 5 6 7 84 0.93 
602- 6.1 n "20 .O 0.75 1700 1500 6 9 8 1551 0.63 
more d e t a i l e d  d e s c r i p t i o n  of t h e s e  e f f e c t s  and t h e  
c o l l e c t i v e  exper iences  of u s ing  germanium d e t e c t o r s  f o r  
i n t e rmed ia t e  energy charged p a r t i c l e s  was r e c e n t l y  
publ i shed.  
I n  a d d i t i o n  t o  t h e s e  e f f e c t s ,  t h e r e  have been 
h i n t s  both a t  IUCF and e lsewhere  t h a t  t h e  r a t e  of 
i r r a d i a t i o n  may be f a r  more impor tant  than  p rev ious ly  
thought.  The d e t e c t o r  r e s o l u t i o n  degradat ion  and 
d e p l e t i o n  b i a s  changes a r e  not j u s t  l i n e a r l y  
p r o p o r t i o n a l  t o  t h e  number of i n t e r c e p t e d  p a r t i c l e s ,  
but  a r e  a l s o  dependent on t h e  r a t e  a t  which they a r e  
i n t e r c e p t e d .  Hence, a  s i g n i f i c a n t  amount of s e l f  
annea l ing  nus t  occur even when t h e s e  d e t e c t o r s  a r e  
mainta ined  a t  LN2 tempera tures .  These e f f e c t s  have 
been observed i n  p r a c t i c e ,  but  have not  been measured 
p r e c i s e l y .  IUCF and LBL a r e  c o l l a b o r a t i n g  on a  
r e c e n t l y  approved experiment (#267) t o  c a r e f u l l y  
measure t h e s e  e f f e c t s .  A g ran t  has  been r ece ived  from 
NASA, which has an i n t e r e s t  i n  t h i s  because of t h e  
planned u s e  of germanium d e t e c t o r s  i n  s a t e l l i t e  borne 
exper iments ,  t o  c o n s t r u c t  two mu l t i -de t ec to r  c r y o s t a t s  
t o  perform t h e  proposed experiment.  The neut ron  damage 
r a t e  e f f e c t  s t u d i e s  w i l l  be c a r r i e d  ou t  w i th  a  neut ron  
sou rce  a t  LBL and proton  damage r a t e  e f f e c t s  w i l l  be 
s t u d i e d  w i th  t h e  beam from t h e  IUCF cyc lo t rons .  The 
d i f f e r e n c e  i n  annea l  r a t e  r epo r t ed  e a r l i e r  w i l l  be 
measured du r ing  t h e s e  exper iments  a s  we l l .  I n  a d d i t i o n  
t o  having  a s i g n i f i c a n t  impact on t h e  way germanium 
d e t e c t o r s  a r e  used h e r e ,  t h e s e  measurements could  
p o s s i b l y  provide  i n fo rma t ion  on " sho r t  term anneal ing"  
i n  Germanium. The exper iments  wi th  t h e  pro ton  beam a r e  
expec ted  t o  be c a r r i e d  ou t  i n  June. 
1 )  1982 IUCF S c i e n t i f i c  and Techn i ca l  Report  
(Germanium De tec to r  Development), p. 215. 
2 )  R.H. Peh l ,  D.L. F r i e s e l ,  and P.N. Luke, Nucl. 
I n s t r .  & Methods A242, 103 (1985).  
Computer Hardware - D. DuPlant i s  
The l abo ra to ry  took d e l i v e r y  of i t s  f o u r t h  VAX 
c l a s s  computer, a  VAX 8600, i n  1985. This  concludes a  
s e r i e s  of purchases  o u t l i n e d  i n  a n  October 1981 r e p o r t  
"Plan f o r  Data Acqu i s i t i on  and S c i e n t i f i c  Computers a t  
t h e  Ind i ana  Un ive r s i t y  Cyclo t ron  F a c i l i t y " .  The 
computers were purchased a t  t h e  r a t e  of one a  yea r ,  
t h r e e  VAX 11-750's and f i n a l l y  a  VAX 8600. It i s  
i n t e r e s t i n g  t o  no t e  t h a t  we planned t h e  purchase  of t h e  
8600 t h r e e  yea r s  before  i t  was r e l ea sed .  It was c a l l e d  
a  VAX 7x0 i n  our r e p o r t ,  and i ts  purchase  had t o  be 
de layed  one yea r  due t o  i t s  l a t e  a v a i l a b i l i t y .  Because 
of t h e  s t r e t c h e d  out  purchas ing  p l an ,  u s e r s  have had t o  
be f l e x i b l e .  VAX 750 ' s  have been used t o  run a n a l y s i s  
codes u n t i l  t h e  a r r i v a l  of t h e  8600, c l e a r l y  a  l e s s  
t han  optimum s i t u a t i o n .  Ava i l ab l e  d i s k  space  has  been 
r a t i o n e d  t o  a l l ow  f o r  on-l ine a c q u i s i t i o n  t o  compete 
w i th  o f f - l i n e  and a n a l y s i s  work i n  t h e  same 
environment.  
The a r r i v a l  and i n s t a l l a t i o n  of t h e  VAX 8600 i n  
l a t e  November 1985, was r e l a t i v e l y  uneven t fu l .  The 
computer, conf igured  i n  t h e  so - ca l l ed  c l u s t e r e d  
package,  c o n s i s t e d  of an  8600 SPU, 12 Megabytes of 
memory, 104 communication l i n e s ,  f l o a t i n g  po in t  
a c c e l e r a t o r ,  c l u s t e r  c o n t r o l l e r ,  two RA-81, 456 
Megabyte d i s k  d r i v e s ,  and two TA-78, 6250 BPI  t a p e  
d r i ve s .  We added a  t h i r d  RA-81 d i s k  d r i v e  from an  
e x i s t i n g  VAX 11-750. Though we were i n t e r e s t e d  i n  
a t t a c h i n g  a t  l e a s t  one of t h e  VAX 11-750's t o  t h e  
c l u s t e r ,  t h e  nece s sa ry  hardware was not  purchased due 
t o  budgetary c o n s t r a i n t s .  A f t e r  a  s h o r t  breaking- in  
pe r i od  wi th  t h e  u s u a l  minor problems, t h e  computer was 
a v a i l a b l e  t o  u s e r s  on January  14 ,  1986. Though t h e  
computer "benchmarks" a t  something l i k e  5 t o  6  VAX 
11-750ts,  some of t h e  a n a l y s i s  codes,  which h e a v i l y  u se  
G F l o a t i n g  po in t  exp re s s ions ,  r an  20 t imes  f a s t e r  t han  
on t h e  11-750. Needless t o  say ,  f o r  t h e  s h o r t  term, 
u s e r s  a r e  d e l i g h t e d  and t h e  queues f low smoothly. 
The a r r i v a l  of t h e  VAX 8600, meant t h a t  t h e  
computer sys tems underwent a  major r e c o n f i g u r a t i o n  f o r  
hope fu l l y  t h e  l a s t  t ime.  The fo l l owing  t a b l e  is a  
summary of t h e  c u r r e n t  s i t u a t i o n .  
The VAX node "Hera" is now i n s t a l l e d  i n  t h e  Cooler  
computer a r ea .  The computer is coupled i n t o  t h e  
l a b o r a t o r y  E t h e r n e t  over a n  150 meter o p t i c a l  l i n k .  
The i n s t a l l a t i o n  of i t s  a i r - cond i t i on ing  sys tem and t h e  
MBD f o r  t h e  f ront -end  w i l l  proceed du r ing  1986. The 
o p e r a t i o n  of t h e  foca l -p lane  d e t e c t i o n  sys tem f o r  t h e  
new spec t rome te r  w i l l  be performed from t h e  Cooler  
b u i l d i n g  a d j a c e n t  t o  t h e  spec t rome te r  l o c a t i o n .  
The f i r s t  of t h e  H a r r i s  Computers was 
decommissioned du r ing  1985. System "A" was removed 
from t h e  downsta i r s  c o n t r o l  room, a long w i th  i t s  d a t a  
s t a t i o n ,  CAMAC c r a t e ,  and o t h e r  suppor t  equipment. 
Th i s  is t h e  f i r s t  s t e p  toward t h e  t o t a l  phas ing  o u t  of 
t h e  H a r r i s  computers. A l l  new exper iments  a r e  s t r o n g l y  
encouraged t o  be VAX based. It i s  a n t i c i p a t e d  t h a t ,  a s  
t h e  CSB experiment comes t o  a c l o s e ,  t h e r e  w i l l  be no a s  long  a s  it is p o s s i b l e  t o  do s o  w i thou t  an 
a d d i t i o n a l  on- l ine  H a r r i s  computer suppo r t  f u rn i shed .  unreasonable  l e v e l  of suppor t  . 
A s i n g l e  H a r r i s  computer w i l l  be main ta ined  f o r  r ep l ay  
TABLE V 
Summary of IUCF Acqu i s i t i on  and Analys is  Computers 
Nodename: Locat  ion :  CPU: Memory: Disks :  Tapes: 
- 
Comments : 
VENUS Main computer 8600 12  MB 3 RA-81 2 TA-78 Ana ly s i s  computer 
room 
MOLL0 Main computer 11-750 5 MB 1 RA-81 2 TU-78 On-line a c q u s i t i o n  
room 2 TU-77 MBD i n  c o n t r o l  room 
ZEUS Main computer 11-750 3 MB 1 RM-80 1 TU-77 On-line a c q u i s i t i o n  
room MBD i n  c o n t r o l  room 
HERA Cooler  computer 11-750 4 MB 1 RA-81 1 TU-77 On-line a c q u s i t i o n  
room Spect rometer  , TOF 
"SYSTEM B" Con t ro l  room H a r r i s  192 KB 1 28 MB 2 Lo den L a s t  g e n e r a l l y  a v a i l -  
a b l e  H a r r i s  computer 
"SYSTEM C" CSB Hut H a r r i s  288 KB 1 28 MB 2 Lo den PNF experiment u s e  
Data-Acquis i t ion  Sof tware  - N.R. Yoder 
The VAX d a t a - a c q u i s i t i o n  programs have cont inued  
t o  be developed,  w i th  more feedback from expe r imen t a l  
u s e r s .  S e v e r a l  exper iments  have used t h e  VAX-111750 
computers f o r  a c q u i s i t i o n .  Da t a - acqu i s i t i on  s o f twa re  
development has  been concen t r a t ed  on t h e  XSYS program 
( o r i g i n a l l y  w r i t t e n  a t  TUNL). 
The major p a r t  of t h e  g r a p h i c s  d i s p l a y  development 
was completed. The d i s p l a y  program f e a t u r e s  i nc lude  
m u l t i p l e  s p e c t r a  i n  windows of v a r i a b l e  s i z e s  and 
a b i l i t y  t o  u se  a l l  of t h e  l a b o r a t o r y  g r aph i c s  t e rmina l s  
and p l o t t i n g  d e v i c e s .  Device independence is achieved  
by u s ing  t h e  Un i f i ed  Graphics  System; dev i ce  d r i v e r  
modules have been developed t o  suppo r t  a l l  l a b o r a t o r y  
g r a p h i c s  t e rmina l s  and p l o t t e r s  , i n c lud ing  t h e  Se iko  
GR-2414-50 h igh - r e so lu t i on  c o l o r  t e rmina l s .  
The VAX d a t a - a c q u i s i t i o n  systems have performed 
g e n e r a l l y  a s  expec ted  du r ing  exper iments .  As 
p r ev ious ly  r e p o r t e d ,  we can ach i eve  about  13000 d a t a  
words pe r  second w i th  10% f ront -end  dead t ime.  Most 
exper iments  u s e  m u l t i p l e  independent event  s t reams.  
The XSYS program i s  a l s o  a v a i l a b l e  f o r  d a t a  
r ep l ay ;  o p t i o n s  were added t o  permit  w r i t i n g  
event -output  t ape s  c o n t a i n i n g  processed  event  d a t a ,  and 
a l s o  t o  d i r e c t l y  r ep l ay  event  t ape s  produced by t h e  
RAQUEL program on t h e  HARRIS computers. It is p o s s i b l e  
t o  r ep l ay  RAQUEL event  d a t a  a t  a  f a s t e r  r a t e  on t h e  VAX 
computers.  C u r r e n t l y ,  work is be ing  done t o  automate 
t h e  p roce s s  of s p e c i f y i n g  t h e  expe r imen t a l  
c o n f i g u r a t i o n .  Another development t o  be done soon is 
suppo r t  f o r  a n  au toma t i c  f a s t - s p i n  f l i p  mode of 
ope ra t i on .  Th i s  w i l l  u s e  t h e  a l r e a d y  e s t a b l i s h e d  
DECNET connect  i on  which l i n k s  t h e  VAX computers w i th  
t h e  PDP-11/44 c o n t r o l  computer, enab l i ng  t h e  
a c q u i s i t i o n  computer t o  more e a s i l y  synchronize  i t s  
a c t i o n s  w i th  t h e  p o l a r i z e d  i o n  source .  
The Los Alamos Q d a t a - a c q u i s i t i o n  program has  been 
t e s t e d  i n  da t a - acqu i s i t  i o n  mode s u c c e s s f u l l y  a t  IUCF. 
This  program is now i n s t a l l e d  on a l l  t h e  VAX computers. 
Q w i l l  no t  be q u i t e  a s  f a s t  i n  terms of raw a c q u i s i t i o n  
o r  b a s i c  event  p roce s s ing ,  but  it o f f e r s  c e r t a i n  
advantages .  The Q h is togram d i s p l a y  programs, which 
o r i g i n a l l y  r equ i r ed  t e rmina l s  emula t ing  4010 p ro toco l ,  
have been conver ted  t o  u se  t h e  Un i f i ed  Graphics System. 
Q w i l l  be used f o r  t h e  foca l -p lane  d e t e c t o r  system 
development, a s  w e l l  a s  f o r  some exper iments  i n  t h e  
n e a r  f u t u r e .  
High-Energy Po l a r ime t e r s  E.J .  Stephenson 
We have r e c e n t l y  reviewed t h e  c a l i b r a t i o n  of t h e  
high-energy beam l i n e  po l a r ime t e r s  used i n  t h e  
measurement of p o l a r i z a t i o n  t r a n s f e r .  S e v e r a l  
c o r r e c t i o n s ,  which w i l l  be de sc r i bed  below, have now 
been a p p l i e d  t o  t h e  c a l i b r a t i o n .  
The high-energy po l a r ime t e r s  c o n s i s t  of t h r e e  
p a i r s  of NaI(T1) d e t e c t o r s  mounted i n  t h e  swi tchyard  
and beam l i n e  5. When ope ra t ed  w i th  t h e  QDDM, they  
provided  a  cont inuous  monitor of a l l  components of t h e  
pro ton  beam p o l a r i z a t i o n  f o r  beam e n e r g i e s  near  200 
MeV. Each p a i r  of d e t e c t o r s  observes  p ro tons  
e l a s t i c a l l y  s c a t t e r e d  from a  t h i n  carbon t a r g e t  a t  a  
l a b o r a t o r y  ang l e  of 20'. The c a l i b r a t i o n  compared t h e  
ana lyz ing  power of t h e s e  d e t e c t o r  p a i r s  w i th  t h a t  f o r  
p ro ton  e l a s t i c  s c a t t e r i n g  from 12c  a t  a  l a b o r a t o r y  
a n g l e  of 12.5'. This  r e f e r e n c e  r e a c t i o n  and s c a t t e r i n g  
ang l e  were chosen because of t h e  a v a i l a b i l i t y  of double 
s c a t t e r i n g  measurements a t  a  number of bombarding 
e n e r g i e s  nea r  200 MeV. The r e f e r e n c e  r e a c t i o n  was 
observed by t h e  QDDM wi th  normal ( v e r t i c a l )  
p o l a r i z a t i o n ,  and each po l a r ime t e r  d e t e c t o r  p a i r  was 
mounted i n  t u r n  i n  a  h o r i z o n t a l  c o n f i g u r a t i o n  upstream 
t o  make t h e  comparison. 
The c a l i b r a t i o n  d a t a  s e t  c o n s i s t e d  of c ro s s  
s e c t i o n  and v e c t o r  ana lyz ing  power angu l a r  
d i s t r i b u t i o n s  measured between 11.5' and about 20' w i th  
t h e  QDDM, and asymmetries taken  from t h e  po l a r ime t e r  
d e t e c t o r  p a i r s .  S ince  t h e  same beam pas se s  through 
both t a r g e t s ,  a  d i r e c t  comparison of t h e  p o l a r i m e t e r  
asymmetry w i th  t h e  12.5' measurements should  provide  
t h e  needed c a l i b r a t i o n .  Onl ine ,  po l a r ime t e r  ana lyz ing  
powers between 0.96 a t  170 MeV and 0.81 a t  200 MeV were 
recorded .  We have now a p p l i e d  s e v e r a l  c o r r e c t i o n s  t o  
t h e s e  measurements. Cross  s e c t  i o n  measurements on both 
s i d e s  of t h e  beam were used t o  determine t h e  angu l a r  
o f f s e t  of t h e  beam on t h e  QDDM t a r g e t .  I n  a d d i t i o n ,  a  
s c a l e  f a c t o r  d i f f e r e n c e ,  which can a r i s e  from unequal  
s p i n  up and s p i n  down p o l a r i z a t i o n s ,  was removed from 
t h e  ana lyz ing  power measurements made on both s i d e s  of 
t h e  beam. This  d i f f e r e n c e  was checked i n  most cases  
a g a i n s t  measurements of t h e  p o l a r i z a t i o n  magnitude 
d i f f e r e n c e  made i n  beam l i n e  2. The agreement was 
good. S ince  t h e r e  is  no s t a b i l i z a t i o n  of t h e  beam 
p o s i t i o n  on t h e  p o l a r i m e t e r ,  t h e  a n a l y s i s  g ive s  a  v a l u e  
of only  t h e  average  p o l a r i z a t i o n  of t h e  two s p i n  
s t a t e s .  Th i s  average  was a l s o  c o r r e c t e d  t o  second 
o r d e r  f o r  t h e  d i f f e r e n c e  i n  spin-up and -down 
magnitudes. 
F igu re  12 shows t h e  12.5' ana lyz ing  power 
r e f e r e n c e  curve a s  a f u n c t i o n  of momentum t r a n s f e r  ( o r  
beam energy) .  The s o l i d  po in t  measurements come from 
double  s c a t t e r i n g  exper iments  a t  Uppsala and Roches ter .  
I n  p r i n c i p l e ,  t h e s e  p o i n t s  provide  a  primary s t anda rd  
f o r  t h e  ana lyz ing  power s c a l e .  To c l a r i f y  t h e  energy 
dependence i n  t h e  neighborhood of 200 MeV, we a l s o  
cons idered  e l a s t i c  s c a t t e r i n g  measurements a t  160, 200, 
p + ' 2 ~  ANALYZING POWER AT 12.5' 
I - O O  
Figu re  12. The r e f e r e n c e  curve used i n  t h e  
high-energy po l a r ime t e r  c a l i b r a t i o n  showing 
ana lyz ing  power a t  Olab = 12.5" a s  a  f u n c t i o n  of 
momentum t r a n s f e r  ( o r  bombarding energy) .  The s o l i d  
p o i n t s  a r e  t aken  from double s c a t t e r i n g  exper iments  
a t  Uppsala and Roches ter ,  and t h e  open p o i n t s  a r e  
t aken  from e l a s t i c  s c a t t e r i n g  angu l a r  d i s t r i b u t i o n s  
measured a t  IUCF and TRIUMF. 
and 250 MeV, a s  shown by t h e  open c i r c l e s .  The 
r e f e r e n c e  curve is a  s t i f f  s p l i n e  f i t  t o  a l l  of t h e  
a v a i l a b l e  measurements and i s  c o n s i s t e n t  w i th  a l l  of 
t h e  a v a i l a b l e  i npu t .  
The ana lyz ing  power c a l i b r a t i o n  f o r  each d e t e c t o r  
p a i r  i s  shown i n  F ig .  13. Two d e t e c t o r  p a i r s  
( l e f t l r i g h t  and up/down) were l o c a t e d  on t h e  beam l i n e  
5 po l a r ime t e r ,  and one (up/down) on t h e  swi tchyard  
po l a r ime t e r .  The e r r o r s  shown i n  t h e  f i g u r e  a r e  
s t a t i s t i c a l  on ly .  There is more v a r i a t i o n  among t h e s e  
measurements t han  is i n d i c a t e d  by t h e  s t a t i s t i c a l  
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Figu re  13. The c a l i b r a t e d  ana lyz ing  power of t h e  
t h r e e  high-energy po l a r ime t e r  d e t e c t o r  p a i r s  a s  a  
f u n c t i o n  of bombarding energy.  The e r r o r s  a r e  
s t a t i s t i c a l  on ly ;  t h e  t y p i c a l  s c a l e  e r r o r  i n  t h e  
F ig .  13 r e f e r e n c e  curve is a l s o  shown. The smooth 
cu rves  which b r acke t  t h e  d a t a  a r e  a  guide  t o  t h e  
eye. 
e r r o r s .  S ince  t h e s e  v a r i a t i o n s  a r e  not  s y s t e m a t i c  w i th  
d e t e c t o r  p a i r ,  they  a r e  u n l i k e l y  t o  be a s s o c i a t e d  w i t h  
opening ang l e  d i f f e r e n c e s  (and t hus  r e a l  a n a l y z i n g  
power d i f f e r e n c e s ) .  The s o l i d  l i n e s  a r e  guides  t o  t h e  
eye  o u t l i n i n g  t h e  range of v a r i a t i o n  i n  t h e  
c a l i b r a t i o n .  Also  i n d i c a t e d  is t h e  s i z e  of t h e  s c a l e  
e r r o r  a s s o c i a t e d  w i th  t h e  r e f e r e n c e  curve  of F ig .  ?X. 
These po l a r ime t e r s  a r e  now a v a i l a b l e  f o r  g e n e r a l  
l a b o r a t o r y  use ,  and have t h e  d e s i r a b l e  f e a t u r e  of 
p rov id ing  i n fo rma t ion  on a l l  s p i n  components concu r r en t  
w i th  d a t a  a c q u i s i t i o n .  
Wire Chambers - K. So lbe rg  
( i )  Mul t iwire  P r o p o r t i o n a l  Chambers 
During a  CSB run  a  near  d i s a s t e r  occurred  when t h e  
gas  was a c c i d e n t a l l y  shu t  off  whi le  t h e  chambers were 
running.  A gas p r e s su re  monitor was added t o  t h e  
sys tem i n  o rde r  t o  prevent  t h i s  from happening aga in .  
I f  t h e  gas p r e s s u r e  drops below t h e  s e t  po in t  on t h e  
gas moni tor ,  an  aud ib l e  s i g n a l  i s  emi t t ed  and a  l o g i c  
s i g n a l  i s  s e n t  t o  t h e  computer. 
( i i )  Wire Winding Machine 
The t a b l e  f o r  t h e  w i r e  winding machine was 
f a b r i c a t e d  du r ing  1985 and t h e  e n t i r e  machine was 
assembled.  The p ro to type  x-chamber f o r  t h e  K-600 was 
wound on t h e  new machine. The machine performed 
adequa t e ly  f o r  c o n s t r u c t i o n  of t h e  p ro to type  but a  few 
f l aws ,  which must be c l e a r e d  up, remain. 
Some development t ime was spen t  t r y i n g  t o  u se  t h e  
w i r e  winding machine a s  a  s canne r  f o r  measuring t he  
p o s i t i o n  of t h e  w i r e s  i n  an  assembled chamber. The 
sys tem appears  t o  be f e a s i b l e ,  but  t h e  f l aws  i n  t h e  
w i r e  winding machine must be cured  before  we can 
implement t h e  system. 
( i i i )  Gas Handling System 
P a r t s  were ordered  f o r  t h e  gas handl ing  system f o r  
c o n t r o l l i n g  p r e s su re  i n  a  chamber from a  few t o r r  t o  
10,000 t o r r .  A f t e r  t h e  p a r t s  a r r i v e ,  t h e  gas handl ing  
sys tem w i l l  be assembled.  
Targe t  Lab Techn i ca l  S t a t u s  - W. Lozowski 
Targe t  p r e p a r a t i o n s  f o r  1985 inc luded:  CD2, 
6 , 7 ~ i ,  ~ O B ,  ~ ~ ~ ' ~ 0 3 ,  "B, 12 13c ,  15N-melamine, 15N gas 
c e l l  charg ing  system, A12 1603 of 80-687 pg/cm2 
se l f - suppo r t i ng  f o i l ,  2 7 ~ 1 ,  3 0 ~ i ,  3 4 ~ ,  4 0 , 4 2 , 4 4 , 4 8 ~ a ,  
"CO on Be, 6 6 3 6 7 ~ n ,  7 2 ~ e ,  8 6 , 8 8 ~ r ,  9 3 ~ b ,  Ag, Au, la3w, 
WO3, 2 0 8 ~ b ,  2 0 9 ~ i ,  2 3 8 ~ ~ 4 .  
I n  February ,  t h e  t a r g e t  l a b  a s s i s t a n t  began 
working on a  f u l l  t ime ba s i s .  This  was done t o  a l l ow  
more e f f o r t  t o  be d i r e c t e d  toward development of c o o l e r  
t a r g e t s .  
At long  l a s t ,  t h e  mod i f i c a t i ons  and hookup of t h e  
double-work-stat ion glovebox were completed,  
compliments of an extended a c c e l e r a t o r  shutdown a t  t h e  
end of t h e  yea r .  The glovebox is a  wonderfu l  a d d i t i o n  
t o  t h e  f a b r i c a t i n g ,  l oad ing ,  t r a n s f e r  and long-term 
s t o r a g e  of a i r  s e n s i t i v e  m a t e r i a l s  i n  t h e  lab .  
B r i e f l y :  both t h e  swinger t a r g e t  assembly and t h e  
vacuum t r a n s f e r  f o r  t h e  ORTEC s c a t t e r i n g  chamber mate 
t o  t h e  glovebox; t h e  pion product ion  t a r g e t  chamber 
w i l l  pass  through t h e  a n t e  chamber; t a r g e t  s t o r a g e  j a r s  
may be evacuated  i n s i d e  t h e  box; a  sma l l  r o l l i n g  m i l l  
i s  i n s i d e ;  an  e l e c t r o b a l a n c e  is  i n s i d e ;  t h e r e  i s  ample 
room f o r  s t o r a g e  on s h e l v e s  i n  t h e  r e a r  of t h e  box; one 
may use  a  motorized d r i v e  cha in  t o  r e t r i e v e  an  
o the rw i se  hard-to-reach t a r g e t  j a r ;  and mois ture  and 
oxygen l e v e l s  should  be 1-5 ppm. 
Some t a r g e t  development h i g h l i g h t s  of 1985 were : 
1. A f o i l  hand l i ng  dev i ce  was developed which 
s i g n i f i c a n t l y  reduces  t h e  r i s k  involved  i n  hand l i ng  and 
mounting very  t h i n  f o i l s :  e s p e c i a l l y  t hose  which tend 
t o  c u r l  when f r e e .  The f o i l  is simply sucked on to  t h e  
f l a t  end of a  tube  on which a  325 mesh s t a i n l e s s  s t e e l  
s c r e e n  has  been g lued .  I n  t h i s  v a r i a t i o n  of a  vacuum 
probe,  t h e  s c r e e n  is somewhat l a r g e r  t han  t h e  f o i l  t o  
be h e l d  and t h e  s u c t i o n  f o r c e  i s  c o n t r o l l e d  by 
t h r o t t l i n g  t h e  vacuum connect ion .  Using t h e  dev i ce ,  
t i g h t l y  c u r l e d  250 pg/cm2 x 25 mm square  2 4 , 2 6 ~ g  f o i l s  
were coaxed f l a t  and r e l e a s e d  s u c c e s s f u l l y  on a  t a r g e t  
frame which had been l i g h t l y  coa ted  w i th  uncured epoxy 
mix. 
2. P r e s sed  powder t a rge t s / s amp le s  of 375 mg/cm2 were 
prepared  which have s p e c i f i c  l e v e l s  of d e s i r e d  e lements  
i n  t h e  range of 5  t o  1000 ppm. Th i s  exper ience  was 
ga ined  a s  a  r e s u l t  of an  IUCF experiment concerned wi th  
t h e  q u a n t i f i c a t i o n  of Ir i n  c l ay  s o i l  samples.  Fo r ty  
c l ay  p e l l e t s  were prepared  and doped w i th  0.5-2p1 of 
s t anda rd  s o l u t i o n s  of Ir ,  Mn, Fe,  Mg, Co and Ba 
c a t i o n s .  S e v e r a l  p r e p a r a t i o n  d i f f i c u l t i e s  were 
encountered  and surmounted. 
3. S p e c i a l  t a r g e t s  of lg3w powder on Be f o i l  were 
developed and f a b r i c a t e d  f o r  unique  Mossbauer 
exper iments  conducted j o i n t l y  by Purdue and Missour i  
U n i v e r s i t i e s .  The work p r e sen t ed  an  oppo r tun i t y  t o  
push a i r - s e t t l i n g  and adhes ion  techniques  a t  IUCF 
(which i t  d i d ) .  The t a r g e t s  were 0.5 - 1.5mg/cm2 lg3w 
powder uni formly  d i s t r i b u t e d  over  an  a r e a  of 
lcm x  2.7cm. P r e s s u r e  s e n s i t i v e  adhes ive  of 
16 - 40pg/cm2 h e l d  t h e  powder i n  p l a c e  on t h e  
5 - 10mg/cm2 Be suppo r t  f o i l s .  The t a r g e t s  were 
double-s ided  i n  t h a t  t h e  lg3w powder was d i s t r i b u t e d  on 
both s i d e s  of t h e  Be. 
4. For t h e  f i r s t  time ( a t  IUCF) 6 6 , 6 7 ~ n 0  was reduced 
t o  t h e  meta l ,  conso l i da t ed ,  and r o l l e d  t o  make t a r g e t s  
of -14mg/cm2. O v e r a l l  e f f i c i e n c i e s  of 82 - 87% were 
achieved  f o r  t h e  expens ive  i s o t o p e s  and t h e  f a b r i c a t e d  
t a r g e t s  were r e p o r t e d  t o  have been "very c l ean" .  
NEW FACILITIES 
The IUCF-Maryland Dual Spec t rometer  System - P. Schwandt 
A f t e r  n e a r l y  t h r e e  yea r s  of des ign ,  f a b r i c a t i o n  
and a c q u i s i t i o n  of a l l  major components f o r  t h e  K600 
and K300 dua l  spec t rome te r  system, i n s t a l l a t i o n  of t h e  
sys tem i n  t h e  no r th  high-bay a r ea  of t h e  o r i g i n a l  
a c c e l e r a t o r  b u i l d i n g  ( s e e  IUCF f  l o o r p l a n ,  F ig .  4 )  
f i n a l l y  began i n  l a t e  s p r i n g  of 1985, a s  d e t a i l e d  
below. Ea r ly  i n  t h e  yea r  t h e  d e c i s i o n  had been made t o  
c o n c e n t r a t e  e f f o r t s  on b r i ng ing  t h e  K600 spec t rome te r  
i n t o  o p e r a t i o n  f i r s t  and de l ay  i n s t a l l a t i o n  of t he  K300 
magnet and i t s  suppo r t  c a r r i a g e  u n t i l  some time a f t e r  
comple t ion  of K600 t e s t s  w i th  beam because of l i m i t e d  
manpower r e sou rce s  and t h e  p r e s s  of competing 
development p r o j e c t s .  We managed t o  complete t h e  major 
p o r t i o n  of t h e  K600 i n s t a l l a t i o n  by t h e  end of 1985. We 
were unable ,  however, t o  r e a l i z e  our  o r i g i n a l  g o a l  of 
f i r s t  t e s t s  w i th  beam of t h e  K600 sys tem by t he  
beginning  of 1986, p a r t l y  because we underes t imated  t h e  
magnitude of t h e  workload r e p r e s e n t e d  by t h e  mu l t i t ude  
and complexity of a l l  t h e  subsystems involved ,  and 
p a r t l y  because of unavoidable  (and i n  some cases  
un fo re seen )  d i v e r s i o n  of c r i t i c a l  t e c h n i c a l  pe r sonne l  
t o  o t h e r  h i g h - p r i o r i t y  p r o j e c t s  such a s  readying  t h e  
CSB experiment f o r  p roduc t i on  running  and r e b u i l d i n g  
t h e  swinger a r e a  s h i e l d i n g  and e x t e r i o r  beam dump 
du r ing  October,  e x t e n s i v e  c y c l o t r o n  r e p a i r  and 
development work du r ing  a  pro longed,  unscheduled 
shutdown i n  December caused by a  major component 
f a i l u r e ,  and t h e  beginning  of nece s sa ry  e l e c t r i c a l  
i n s t a l l a t i o n  work i n  t h e  Cooler  bu i l d ing .  
The f i r s t  phase of t h e  K600 i n s t a l l a t i o n  p roce s s  
began i n  May 1985 wi th  t h e  removal of t h e  roof beams 
and w a l l  b locks  comprising t h e  beam swinger a r e a  
s h i e l d i n g .  Th i s  al lowed i n s t a l l a t i o n  of magnets f o r  
t h e  new beam t r a n s p o r t  l i n e  (BL8) t o  t h e  spec t rome te r  
